MHS particles with various types of functional groups were prepared by one-pot synthesis made of a two-step (acid-base) sol-gel process. In acidic conditions, the hydrolysis of mixture of various silane monomers occurred simultaneously and emulsion droplets with homogeneous silane mixtures were formed. Co-condensation between the hydrolyzed silane mixtures in the emulsion droplets occurred in basic conditions. The mixture of silane monomers Nature Precedings : hdl:10101/npre
for MHS particles include phenyltrialkoxysilane (PTMS), vinyltrialkoxysilane (VTMS), or mercaptopropyltrialkoxysilane (MPTMS) as the major building blocks and (3-trimethoxysilyl) propylmethacrylate, aminopropyltrimethoxysilane (APTMS), or other functional organo silanes as the minor functional components. For most of the MHS particles, we found that the relative concentration of major silane monomers compared to minor functional silanes should be greater than 70% of the total silane concentration to obtain monodisperse, spherical particles. By changing the reaction conditions such as silane concentrations, temperature, and reaction time, the size of MHS particles could be controlled from 200 nm to 1.4 μ m. Structural drawings and SEM images of typical diand tri-functional hybrid silica particles are shown in Figure 1 indicating that all of the MHS particles exhibit monodispersity and spherical morphologies. The existence of the functional groups was confirmed by IR and NMR spectra. IR spectra of MHS particles exhibited characteristic stretching vibrational absorption peaks for corresponding functional groups. For the vinyl, mercapto, and acryl tri-functional hybrid particles, ν (C=C), ν (S-H), and ν (C=O) stretching vibrational absorption peaks from each functional group were observed at 3100, 2300, and 1500cm -1 , respectively. Solid-state 13 C NMR analysis also showed typical carbon resonance peaks for corresponding functional groups. For phenyl and vinyl based MHS particles, strong absorption peaks near 130 ppm were observed from unsaturated carbons, while aliphatic carbon peaks between 0-50 ppm were observed for mercapto-based MHS particles. The solid-state 29 Si NMR spectrum show two peaks at 78.1 and 69.4 ppm, indicating that the main structure of MHS particles consisted of T 2 and T 3 units, similar to those in PTMS and PTMS/VTMS composite particles. 23, 24, 25 However, the relative amount of T 2 units was reduced for thiol-and vinyl-based MHS particles compared to those in phenyl-based MHS particles. Thermal behaviors of MHS particles were investigated using thermo-gravimetric analysis (TGA). While decomposition was observed between 300 ~ 700 o C for most of MHS particles, the spherical morphologies of MHS particles were maintained even after heat treatment at 800 o C. The list of synthesized MHS particles and characterization results are included in Supporting Information 1 (SEM, IR and NMR spectra) and 2 (TGA).
Chemical reactions of surface functional groups on MHS particles with various organic and inorganic materials, including fluorescent dyes, were performed to endow additional or modified functionalities to the particle surfaces, as shown in Supporting Information 3. Amine functional groups on the surface of MHS particles could be converted to carboxyl groups by reaction with glutaric anhydrides. 26 The formation of carboxyl groups on the surface of MHS particles was confirmed by IR and solid state The phenyl-epoxy-carboxylic acid functionalized MHS particles of 1.4 μ m in diameter and phenyl-epoxy-amine functionalized MHS particles of 200 nm or 600nm in diameter were dispersed together in an aqueous solution to form a self-assembled structure which was confirmed by SEM ( Figure 3 and Supporting material 6). The formation of self-assembled structures is probably due to coulombic interaction between negatively charged MHS particles with carboxylate groups and positively charged MHS particles with ammonium functional groups, which were produced by the protonation and deprotonation of corresponding functional groups on each MHS particle. The formation of self-assembled structures was also confirmed by the confocal microscopy, using the phenyl-mercapto-carboxylic acid As an example to show multiplex tasking ability of MHS particles, the assembly of dye-doped MHS particles on the patterned glass surface was investigated. MHS particles with thiol and carboxylic acid functional groups were first reacted with Rhodamine B to load fluorescence dye. The dye-doped MHS particles were then attached to the glass surface with patterned lines created by treating the glass surface with amino and octadecyl silanes, which prepared with slight modification of the method described earlier. 30 The acid-base reaction between amine groups on the glass surface and carboxylic groups on the surface of MHS particles leads to the formation of the patterned assembly of MHS particles on the glass, as shown in Figure 4 .
In conclusion, multifunctional hybrid silica particles were prepared by facile one-pot synthesis. The types and 
METHODS

Typical Synthesis of MHS particles.
1) Vinyl and methacrylate based di-functional particles
One hundred and fifty milliliters of de-ionized water was placed in a 250 mL three-neck round bottom flask while maintaining a temperature of 40 o C, and 0.2 mL of nitric acid (60 wt%, 2.67 mmole) was added with stirring at 300 rpm. Five milliliters of VTMS (32.06 mmole) was added to an acidic aqueous solution, followed by the addition of (3-trimethoxysilyl) propylmethacrylate, (0.5 mL, 2.06 mmole). After stirring for one minute, 40 mL of ammonium hydroxide (30 wt%, 306 mmole) was poured into the reaction mixture to induce condensation. The solution became turbid, indicating the formation of colloidal particles. After stirring for 4 hours, the suspension was filtered through a membrane (Osmonics, pore size of 400 nm) and the filtered product was washed with 10 mL of de-ionized water and 10 mL of ethanol two times. The solution was dried under vacuum and 2.7 g of vinyl and methacrylate based trifunctional particles were obtained.
2) Phenyl-amine-mercapto based tri-functional particles A 250 mL Erlenmeyer flask maintained at 40 o C was charged with 150 mL of deionized water and 0.2 mL of nitric acid (2.67 mmol, 60 wt%) was added while stirring at 300 rpm. Five milliliters of PTMS (24.89 mmole) was first injected to an acidic aqueous solution, followed by the addition of 0.5 mL APTMS (2.75 mmole) and 0.5 ml MPTMS 2) Hydrophilic modification with nitric acid.
Three grams of phenyl-based MHS particles with mercapto and amine functional groups were placed in a round bottom flask in an ice bath and 6 ml (60%, 80 mmol) of nitric acid was added to the flask. A solution containing 0.5 ml (98%, 10 mmol) of sulfuric acid was added drop-wise and the reaction mixture was stirred for 2 hours. For dilution, 500 ml of cold water was poured into the reaction flask and after 10 min, the resulting particles were collected with a membrane filter. The particles were dried in a vacuum oven at 60 • C for 4 hours and 2.8 g of surface modified MHS were obtained.
3) Inorganic modification with Ag(NO) 3 and the reduction to Ag nanoparticles with hydrazine.
MHS particles (0.2 g) obtained from (1) were dispersed in 100 mL of ethanol. AgNO 3 (0.2g, 1.18 mmole) in 10 mL of de-ionized water was added and the resulting solution was stirred for 4 hours. To remove unreacted AgNO 3 , the reaction mixture was filtered and the obtained particles were washed with 10 mL of de-ionized water at least three times. The resulting particles were re-dispersed in 100 mL of ethanol and 0.2 mL of hydrazine monohydrate (4. 
